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Abstract Water security may be regarded as a first step
toward achieving food and energy security. Efficient use of
fresh water resources and recycling of wastewater after
proper treatment are viewed as tools to achieve water
sustainability. Sugar industry can have good potential to
treat and reuse its effluents. This potential is not realized by
prevailing effluent treatment technologies because of high
capital and operation cost of treatment process. More upon,
these technologies require substantial amount of energy
(electricity) as well as chemicals and labors. We have
therefore focused on the development of a technology that
would help to overcome these limitations. The alga—
Spirulina—was our choice to (1) treat the effluent and (2)
use the sugar mill effluent as its growth medium. Experi-
ments using Spirulina at secondary treatment stage showed
91 % reduction in chemical oxygen demand in 108-h
treatment time. Further, biochemical analysis of Spirulina
harvested from the sugar mill effluent treatment tanks
revealed that the harvested biomass has high protein levels.
Spirulina is well known for its usage as a protein supple-
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ment and therefore can be used as an additional source of
revenue generation.
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Introduction

Water, food and energy securities are issues of global
concern. Water security is the foundation for food and
energy security and for overall long-term social and eco-
nomic development. Water is directly or indirectly linked
with health, nutrition, social well-being and economic
progress, especially in developing countries (Bigas 2012).
In case of India, with the present population growth rate
(1.9 % per annum), the population is expected to cross the
1.5 billion mark by 2050. Therefore, there is an urgent need
for well-organized water resource management through
effective usage of available water and cost as well as
energy-efficient technologies for wastewater treatment, its
reuse/recycling. Such technology also needs to achieve
zero liquid discharge norms set by the Central Pollution
Control Board of India (CPCB 2003). Experiments
described in this paper were focused on feasibility of such a
technology.

Sugar production is a seasonal agro-based industry. In
India, this is the second largest agro-based industry after
textile. Maharashtra State is one of the leading Indian
states manufacturing sugar from sugar cane. Effluent
generated in sugar mills during various manufacturing
processes has a very high potential for causing pollution
of surface water, ground water and soil (Upadhyay et al.
2009). Effluents from sugar industry, if directly released
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in water for irrigation, affect soil fertility as well as plant
growth and seed germination (Ramkrishan et al. 2001).
The physicochemical characteristics of sugar mill efflu-
ents discloses its organic strength i.e., chemical oxygen
demand (COD) value ranges from 1500 to 4000 mg/L
and biochemical oxygen demand (BOD) values from 500
to 800 mg/L (Deshmane et al. 2015). Because the
effluent was from agro-based industry, it contains
nitrogen (N), phosphorous (P), and potassium (K) in
substantial quantities (Rajagopal et al. 2013).

Presently, many sugar factories in Maharashtra are
operating effluent treatment plants based on activated
sludge process in combination with preliminary, primary,
secondary and/or tertiary treatment units (personal
observations of the authors). These plants require large
amounts of energy for the operation of various elec-
tromechanical units (Mara 2006). Moreover, the sugar
industry suffers from scarcity of skilled manpower and
to a lesser extent supervisory staff (personal observations
of the authors). These factors are becoming hurdle in
reusing/recycling of treated sugar mill effluent (SME).
The present research was therefore initiated to simplify
sugar effluent treatment and make it environment
friendly.

Literature review shows that microalgae/cyanobacteria
are effective in removing various kinds of nutrients and
inorganic compounds including metals from wastewa-
ter/effluents (de-Bashan and Bashan 2010). Their findings
indicate that microalgae can grow in wastewaters, mak-
ing them suitable for a low-cost and effective biological
wastewater treatment. Further, 1 kg of BOD removed in
activated sludge process requires 1 kWh of electricity for
aeration. The electrical power used also produces 1 kg of
carbon dioxide (Oswald 2003). By contrast, 1 kg of
BOD removed by photosynthetic oxygenation requires no
energy inputs, and it produces enough algal biomass for
fuel generation (Oswald 2003). Pedroni et al. (2001)
observed better results for microalgae in the wastewater
treatment as compared to conventional processes such as
activated sludge. Filamentous algae/cyanobacteria can be
as effective as microalgae, and they may be harvested
relatively easily by filtration. Moreover, some filamen-
tous algae/cyanobacteria form aggregates and can be
harvested by sedimentation or by flotation (Hori et al.
2002). Therefore, in the present research, Spirulina was
used for SME treatment. Experiments were conducted
with an aim of achieving reduction in COD/BOD of
SME at lower energy (in the form of -electrical,
mechanical as well as labor). In short, the study was to
explore feasibility of effectiveness of Spirulina for SME
treatment as well as use of SME medium for the growth
of Spirulina (Fig. 1).
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Fig. 1 Reduction in COD of SME (filtrate)

Materials and method
Materials

SME is a wastewater from the sugar manufacturing pro-
cesses. It was freshly collected from three sugar factories
of Pune District of Maharashtra (See Acknowledgment).
The effluent was brought to the laboratory and stored at
4 °C. It was used the next day for corresponding exper-
imental batch. Cold-stored effluent was allowed to reach
ambient temperature (diurnal range 20-31 °C) before
commencing experimentation. Pure culture of Spirulina
species was obtained from Krishi Vidnynan Kendra
(Agriculture Science Centre), located at Babhaleshwar,
District Ahmednagar, Maharashtra State, India. Rectan-
gular tanks (open photo-bioreactor) made up of glass of
dimension 60 cm (/) x 30 cm (b) x 45 cm (h) were used
for the experiments. Aerators were used for continuous
supply of air to the medium in the tanks, at the rate of
3 L/min. A rotator device was prepared by mounting a
simple steel paddle on a motor, rotating six rotations per
minute (RPM). This was used in two tanks for continuous
stirring of the medium present in the tank. Lutron make
light meter (model LX 101A, made in Taiwan) was used
to measure the light (in lux). Other instruments such as
pH meter and spectrophotometer (Hach make, model DR
2000) were used.

Method
Sugar effluent treatment and its analysis

Preparatory treatment Initial pH of the effluent ranged
from 3.6 to 4.1. Because algal cultures are maintained
between pH 7 to 9 (Lavens and Sorgeloos 1996), lime
[Ca(OH),—0.1 g/L of effluent] was used to adjust the pH of
the effluent, to a level of 7.2-7.3. In addition, alum
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(potassium alum) dosing was also carried out (~0.29 g/L of
effluent), to settle suspended solids. This was mainly to
reduce the possible interference of suspended solids from
effluent in photosynthetic activity of Spirulina. The settled
solids were removed by simple filtration using filter paper.
The initial and final (after completion of effluent treatment)
characteristics of effluent were determined in accordance
with standard methods prescribed by APHA (Eaton et al.
2005).

Experimental setup Five glass tanks labeled A, B, C, D
and E were used for the experiment. In each tank, 10 L of
above-described SME was poured. In tanks A and B, 1.5 L
of Spirulina was added to the effluent. This volume was
determined through earlier experiments conducted by the
authors (data not given). For tanks C and D, Spirulina was
added to the effluent in a quantity of 0.250 L every day. This
was to maintain exponential nature of growth pattern of
Spirulina; some of the culture need to be recycled. There-
fore, through this experiment, i.e., addition of 0.250 L/day of
fresh culture (which is in log phase), it was tried to mimic the
commercial process of harvesting of algae. Tank E was used
as a control, i.e., without Spirulina—water was added in lieu
of Spirulina. Air was supplied using aerators to tanks B and
D. The supply of air was to support aerobic bacteria pre-
sumed to be present with Spirulina culture (Ciferri 1983)
and in the effluent or introduced in the medium through air.
In case of tanks A and C, the effluent with added Spirulina
was continuously mixed by pre-fabricated rotation device.
Cell density of Spirulina equivalent to 0.590 + 0.010 O.D
(at 660 nm) was maintained uniform for tanks A, B, C and D
using a spectrophotometer.

All tanks were kept under natural environmental con-
ditions outside the laboratory. Ambient temperature
recorded during the experiment was 24 °C (£4 °C) to
34 °C (44 °C). Spirulina grow well in the range of
30-38 °C (Vonshak and Tomaselli 2003; Ogbonda et al.
2007). Sun was the source of light, and the tanks were
90 % covered by a shade net only at the top. Shed net
permitted only 25 % of light to pass. This was to avoid
photo-inhibition due to excessive light, nuisance of birds
feeding on algae, avoid green house effect inside the tank
and minimize evaporation losses. Light energy was mea-
sured at the surface of the medium using a light meter;
details of the experimental setup are provided in Table 1.

Treatment time Bio-chemical oxygen demand and
chemical oxygen demand are important qualitative indi-
cators of wastewater. According to effluent discharge
norms of Ministry of Environment and Forests, Govern-
ment of India (General Effluent Standards Schedule—VI,
dated May 19, 1993), wastewater having BOD equal to or
less than 100 mg/L can be utilized for irrigation purpose. It

was not possible to measure BOD on a daily basis.
Therefore, COD was used as a key test parameter, as it
could be measured every day within few hours. The end
point of experiment was COD (of filtrate of SME) reduc-
tion of >80 % of initial value or COD value of <250 mg/L,
whichever occurred earlier. Filtered effluent samples from
all the tanks were collected at 12-h intervals for testing of
COD and BOD, nitrogen (N), phosphorous (P), and
potassium (K) were measured only at the initial and final
stages of the experiment.

Study of protein content of Spirulina used in the SME
treatment

Spirulina is well known for its high protein content (Avila-
Leon et al. 2012). Therefore, this parameter was examined
for Spirulina used in SME treatment. The biomass col-
lected after SME filtration was allowed to dry to a constant
weight at ambient temperature (maximum 34 £ 4 °C) and
was used for protein estimation by the method of Lowry
et al. (1951).

Results and discussion
Discussion: COD reduction of sugar mill effluent

As mentioned earlier, the experiment was replicated three
times and observations for COD discussed below were of
individual cycle/batch of the same. A pre-defined end point
(mentioned earlier at “Treatment time”) for the experiment
(SME treatment) was COD reduction of more than 80 % of
its initial value or COD value of less than 250 mg/L. In this
experiment, 53 and 50 % of COD reduction of SME was
achieved in just 24-h time, in tanks A and B, respectively.
For tank A, overall COD reduction of 91 % (final COD
was 195 mg/L £+ 12) was achieved in 108-h treatment
time. In the same treatment time, COD reduction of SME
in tank B was of 89 % (final COD was 242 mg/L + 9).

Most striking observation of this experimental set was
COD reduction of SME by 81 % for tank C (provided with
external rotation device) and 77 % for tank D in 108 h
(provided with aerator). In these two tanks, instead of
adding a bulk amount of Spirulina at start up, the same was
provided freshly in a small amount i.e., 250 ml every day,
in the SME.

Reduction in BOD of SME was highest in tank A that
was 91.3 %, followed by 89.4 % for tank B, 84.9 % for
tank C and 81.2 % for tank D (Fig. 2).

The results of change in COD during the experiment
were analyzed statistically by one-way ANOVA method
using GraphPad Prism software (version 5.01). Change in
COD of tanks A, B, C and D was compared with E. The
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Table 1 Experimental setup

Experimental conditions: common
SME: 10 L, undiluted

Light: sun light; light intensity maximum was 190 x 10* lux (from 01.00 to 02.00 pm); minimum was 0.7 x 10° lux (07.00 am and 07.00 pm)

during experiment
Temperature: ambient max: 34 °C; minimum: 24 £ 4 °C

Experimental tank  Variable conditions

Spirulina added to SME (in L)

0.250 every day
0.250 every day

No culture

m g Qw >

1.5 The mixture was gently and continuously stirred using an external device at 6 RPM
1.5 External air supplied to the mixture continuously, by an aerator @ 3 L/min
The mixture was gently and continuously stirred using an external device at 6 RPM
External air supplied to the mixture continuously, by an aerator @ 3 L/min

External air supplied to the mixture continuously, by an aerator @ 3 L/min

The experiment was replicated three times

significance value p was observed <0.001, whereas when
the statistical significance was tested by comparing the
results of COD reduction of tanks A versus B, tanks A
versus C, tanks B versus D and tanks C versus D, it was
observed that the results were not significant. In other
words, the COD reduction observed in these tanks was
quite comparable to each other.

On the basis of the above observations as well as work
done earlier by other workers, the reasoning of COD/BOD
reduction using algae has been tried to explore here. It has
been found that all species of Spirulina so far isolated even
from the most alkaline lakes are always contaminated by
bacteria. The bacterial flora associated with the cultures of
Spirulina is varied but with a preponderance of gram-neg-
ative rods (Ogawa and Terui 1970). It is not known whether
any mutualistic relations exist between these bacteria and the
Spirulina. It is possible to distinguish two main groups of
bacterial contaminants that of the organisms present mostly
in the culture medium and loosely adhering to the trichomes
and those, called epiphytic contaminants, bound or tightly
adhering to the thin sheath enclosing the trichomes (Ciferri
1983). Based on these observations, a logical reason for
COD/BOD reduction emerges as the symbiotic action of
Spirulina and associated microorganisms. Spirulina produce
oxygen within the water column where it was readily
available to aerobic bacteria (in this case bacteria associated
with Spirulina) that could have oxidized complex organic
material of SME into its constituent plant nutrients (as
reported by Green et al. 1995). As a result, there was sig-
nificant reduction in the BOD/COD (observed in tank A, B,
C and D as compared to tank E). In addition, Spirulina has
shown excellent uptake of nutrients such as nitrogen (N),
phosphorous (P), and potassium (K) (de-Bashan and Bashan
2010). Therefore, these two factors have resulted into
reduction in COD to the extent of 80-91 % (Fig. 3).

’r @ Springer

Another reason is the observation reported by Ciferri
(1983) that if media with pH close to neutrality are used,
very few bacterial colonies are found. In the present
experiments, the pH of SME was near neutral (7.1-7.3).
Costa et al. (2003) investigated the feasibility of using
fresh water from Mangueira Lagoon (Rio Grande do Sul,
Brazil) for biomass production in open raceway ponds
(0.7 m long, 0.18 m wide, 0.075 m deep). In this study,
they collected water sample in aseptic conditions and
observed the microbiological growth. The results of
microbiological analysis showed that the levels of bacterial
contamination in all experiments were <1.6 x 10* CFU/
ml lesser than that previously described for dried Spirulina.
These counts were taken before drying of the Spirulina
culture. Further, the drying process would probably
decrease the level of contamination.

Thus, the investigations were continued further to find
out the other reasons, if any. The observations reported by
Ogawa and Terui (1972) were found to be interesting.
These workers verified utilization of glucose by supplying
it to cultures of S. platensis with '*C-glucose. Within less
than 4 days of culture, all labeled glucose disappeared from
the medium and almost 50 % of the label was recovered
with the cells of Spirulina, the rest being released either as
CO, (34 %) or as organic by-products excreted into the
medium (19 %). The growth of S. platensis with or without
addition of glucose was quantitatively analyzed by Mar-
quez et al. (1993) under light and dark conditions. It was
shown that S. platensis is capable to grow on glucose
heterotrophically under aerobic-dark conditions and that
the photosynthetic activity and oxidative assimilation of
glucose can independently operate mixotrophically under
light conditions.

In case of SME, the organic elements are due to con-
tamination of cane juice (mono and disaccharides) at
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various stages of the process, fine particles of bagasse, etc.
The observations reported by Ogawa and Terui (1972) and
Marquez et al. (1993) suggest that the organic matter
partially consumed by the Spirulina itself. The bacteria
associated with Spirulina were more active when pH of the
SME reached near eight and thus helped in further reduc-
tion of COD/BOD. Removal of nutrients from SME during
the treatment by Spirulina could have minor-to-moderate
contribution in reduction in COD.

Nitrogen removal and protein content of Spirulina

Nitrogen is an important nutrient for the production of any
microalgal biomass. Nitrogen can be utilized by algae as
nitrate, nitrite, or ammonia and elemental nitrogen. Some
cyanobacteria, such as Spirulina, are diazotrophic, which
means they are capable of utilizing elemental nitrogen as
their sole nitrogen source by the reduction of N, to NH,*
(Benemann 1979). Spirulina has a high protein concen-
tration of 65-70 % of its dry weight (Phang et al. 2000).
Uslu et al. (2011) observed that protein content of Spirulina
related to nitrogen available in the medium. In the present
case, total available nitrogen of SME was 120.07 mg/L
(£ 21.4). Protein content of Spirulina was estimated for
tanks A and B. Protein content of Spirulina was observed
to be 661.3 & 38.0 mg/g (Fig. 4), in all three cycles.
Highest protein contents of 699.3 and 686.3 mg/g (on the
dry weight basis of biomass) were observed for Spirulina
collected from tanks A and B, respectively, after 72-h
interval. Sassano et al. (2010) reported the increase in the
protein content of cyanobacterial biomass to some extent
with the increasing nitrogen content. Wu and Pond (1981)
observed a protein content of 60.1 and 71.8 % for Spirulina
maxima grown on fermented cattle and poultry manure,
respectively. Therefore, sugar mill effluent rich in nitrogen
may be considered a suitable cultivation medium for pro-
tein production, using Spirulina (Fig. 4).
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Conclusion

Our study demonstrates the viability of experimented
technology for the treatment and recycling of SME. This
simple, less energy-consuming technology option treats the
effluent by reducing its COD up to 91 % in 108 h.
Reduction of COD over 50 % was achieved in 24 h. In
addition, nitrogen, phosphorous, and potassium of effluent
acted as nutrient for Spirulina growth. Due to this, these
inorganic elements were significantly reduced during the
treatment. High level of protein content of Spirulina bio-
mass signifies the role of SME in protein production.
Protein production is immensely important to encourage
the industry for generating revenue and recover the cost of
effluent treatment. Therefore, the industry may seriously
invest in ETP and operate it sensibly. Reduction of COD/
BOD of SME and growth of Spirulina are interdependent
and therefore beneficial to the sugar industry.
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